The United Nations and Intergovernmental Panel on Climate Change deem many regions of southern Africa as vulnerable landscapes due to changing climatic regimes, ecological conditions, and low adaptive capacity. Typically in highly vulnerable regions, multiple livelihood strategies are employed to enable sustainable development. In Botswana, livelihood strategies have diversified over time to include tourism and other non-agricultural activities. While such diversification and development have been studied, little is known about how locals perceive livelihood risks. This article analyzes perceptions of risk through a risk hazards framework. During the summer of 2010, 330 surveys were completed within seven villages in northern Botswana and the Caprivi Strip of Namibia. During the survey respondents were asked to list the biggest threats/challenges to their livelihoods. Responses were grouped into categories of risk according to the capital assets on which livelihoods depend: natural, physical, financial, human, and social. A risk mapping procedure was utilized, for which indices of severity, incidence, and risk were calculated. It is hypothesized that people's perception of risk is directly dependent on environmental conditions and employment status of the household. Results indicate that problems related to natural and financial assets are the greatest source of risk to livelihoods. Furthermore, flood, drought, and other measures of climate variability are perceived as influential, typically negatively, to livelihood strategies.
assets are divided into five core types of capital: human, social, physical, natural, and financial [22] . No single asset on its own is sufficient to achieve development in rural landscapes. For example, social capital involves access to government support, schools, hospitals, and other facilities or programs; whereas financial capital includes employment, market access, and financial aspects necessary for a sustainable livelihood. While traditional studies on human-environment interactions have focused on the direct relationship between landscape patterns and the aforementioned variables (e.g., [23] [24] [25] ), understanding what people perceive as the biggest risk to their livelihood also holds great value. It is the totality of livelihood assets that drives overall livelihood outcomes, but human perception of risks to their livelihoods has been underexplored and yet influences individual and community decisionmaking, as well as government policy.
Risk is undesirable. It refers to the exposure to potentially unfavorable conditions or circumstances that can result in economic, cultural, or physical loss. People's perception of risk varies across individuals, households, and communities [26] . Residents in the same environmental conditions could perceive livelihood risks differently as one's livelihood is not built on a single variable such as economic condition but also includes cultural, social, political, and environmental variables. For example, Quinn et al. [27] noted that within the same environmental conditions, household structure, and village in Tanzania, weather and irrigation problems were perceived as more risky to the livelihoods of farmers in cultivation than pastoralists. Perceptions influence people's decisions both in deciding to act or not [28] and what adaptive measures are taken over the short and long term [29] . Research has shown that community-level shocks associated with rainfall, animals, disease, and markets have a pronounced effect on individual-level risk perceptions [30] . Such results suggest that people learn actively from the experiences of others around them and adjust their risk assessment quickly. Studies focusing on risk tend to take one of two broad research approaches [26] . The first approach looks to monitor or measure the sources of stress/shock whether they are physical or social sources of vulnerability. The other approach focuses on the social side, analyzing people's perception. This paper examines local perception of livelihood risk in the arid and semi-arid savanna landscapes of the Kwando, Okavango, and Zambezi catchments. Furthermore, we assess how risk perception reflects the experiences of a changing social-ecological system in Botswana and Namibia. Using Smith et al. 2000s perception framework as a jumping point, a risk mapping procedure is employed to calculate three indices: incidence, severity, and risk. This risk-mapping procedure has been widely utilized in risk/vulnerability literature including case studies in Tanzania, Ethiopia, and Kenya [1, 26, 27] . Building on these perception studies, research that has illustrated the importance of understanding the complex socio-ecological system [19, 31] , and the interaction between high-level government and villages [32] , we ask "how will perceptions of risk to one's livelihood differ within and across our surveyed villages?" It is hypothesized that people's perception of risk is directly linked to diversification of livelihood strategies in the household and therefore two variables: environmental condition and employment status. Residents of the region are closely linked to the land making the environmental conditions of their surrounding important. Furthermore, the economic stability that employment provides offers alternative livelihood strategies and means to mitigate the effects of shocks and stresses.
Data and Methods

Study Area
Savanna ecosystems are defined as seasonal ecosystems with a continuous herbaceous layer and discontinuous woody (tree and shrub) cover. The structure and composition of savanna landscapes, especially those in southern Africa, are believed to be impacted by climate variability, fire, herbivory, soil nutrients, and humans [33] [34] [35] [36] . These landscapes are considered stable ecosystems whose dynamics fluctuate around one or more steady states or points of equilibrium [37] [38] [39] [40] . Vast portions of sub-Saharan Africa are classified as arid to semi-arid systems, as dictated by the precipitation regimes. This study focuses on seven villages across the Okavango, Kwando, and Zambezi catchments in the arid to semi-arid savanna landscapes of Botswana and Namibia. Across all three catchment the average annual precipitation ranges from 400-2,200 mm/yr, but within the study region precipitation range is not as large and the 650 mm/yr precipitation line runs through the surveyed region ( Figure 1 ). Seasonal precipitation is related to the migration of the Intertropical Convergence Zone (ITCZ) and results in a single wet and dry season. The start to the wet season typically runs from September to April. The dry season occurs in the other months and is associated with drought like conditions, a die off of grasses, and browning of vegetation. Extreme or long-term changes in the precipitation regimes are related to major ocean oscillations like the El Nino Southern Oscillation (ENSO) and shifts in the ITCZ. While the drivers and seasonal patterns remain the same, across the surveyed villages the range of annual rainfall (500-700 mm/yr) is less than what is exhibited across the three large catchments. While households in the study area have diversified their livelihoods to mitigate risk, most livelihood approaches still utilize or take advantage of the region's rich supply of natural resources. However, these resources are vulnerable to stress and shock via climate, animals, and human populations and pattern change [41] . Two of the main livelihood strategies in the region, agriculture and tourism, illustrates the coupled socio-ecological nature of the system. The high variability in land cover type, climate conditions, and human-environment interactions results in multiple livelihood strategies including pastoralism, agro-pastoralism, subsistence farming, and tourism [27, 42] . Furthermore, such high variability in environmental conditions leads to multiple land management strategies and, in some cases, a heavy reliance on government subsidies. Conservancies or trusts, depending on the country, play an instrumental role as the localized government. These governing boards direct a village's future by distributing aid, finding employment for locals, monitoring natural resource consumption, and setting the overarching management plan among other things. Community Based Natural Resource Management (CBNRM) has been used since the 1980's to monitor, survey, and protect the natural resources of the region [4, 43] . This participatory and community-based approach is grounded in common property theory and argues for common pool resources to be utilized sustainably given certain principles are applied [44] [45] [46] . The inherent environmental conditions and governing of this region creates diversity in a semi-arid landscape, leading to spatially and temporally different livelihood activities and approaches to mitigate risk.
Survey Data
To date 330 surveys have been administered across seven villages in Botswana and Namibia ( Figure 1 ). The villages surveyed differ in their dominant livelihood strategy, government organization, and environmental conditions (Tables 1 and 2 ). While there are numerous villages in the study area the seven selected were determined based on previous experience/connections in the region. Though convenience sampling was employed the differing aforementioned environmental patterns, socioeconomic conditions, and levels of connectivity/accessibility made the sampled villages ideally unique ( Figure 1 ). The Okavango Conservation Trust (OCT) is located along the northernmost border of Botswana, and while comprised of several villages only three were surveyed. These villages, Beetsha, Eretsha, and Seronga, are heavily dependent on subsistence agriculture and pastoralism for economic stability. While these villages are all part of the same trust, with governance occurring through Seronga, there are many kilometers and varying economic conditions between the villages. These villages are located adjacent to Moremi National Park, but economic influence from the park and tourism is minimal as a result of lacking infrastructure (roads and electricity) and considerable distance to park gates/entrances. All of the sampled villages in OCT are located within the Okavango Delta/floodplain and are therefore greatly influenced by water levels. Their location within the Delta makes agriculture ideal, as the soil is nutrient rich. As a result of economic instability, location within the Okavango Delta, and reliance on agriculture, these villages consistently reported the highest hunger and unemployment rates (Table 2) . Located adjacent to Chobe National Park in the northeast corner of Botswana is the Chobe Enclave Conservation Trust (CECT; Figure 1 ). Mabele and Satau, the two surveyed villages in CECT have similar ethnic makeup but exhibit differing economic and livelihood approaches. Mabele is located closest to Chobe National Park and the populated town of Kasane.
Mabele has prospered in recent years as a result of road development and employment in the local park and tourism-related establishments. On the other hand, Satau is one of the most remote villages in CECT, and heavily reliant on agriculture and pastoralism. Environmentally, these two villages receive similar amounts of rainfall, and both are located in or adjacent to the floodplain of the Okavango River. However, Satau is much more susceptible to changing water levels in the catchment, making the residents highly vulnerable to flooding. The final village located in Botswana is Sankuyo, the southernmost of the villages studied. This village has its own trust, the Sankuyo Tshwaragano Management Trust. Those residing in Sankuyo have diversified their livelihood strategies to include agriculture, tourism, pastoralism, crafting, and jobs outside of the village. Environmentally, Sankuyo is the most unique of the villages sampled. The other six villages were located along a major river, delta, or floodplain whereas Sankuyo is in a dryland region far from a river or water body. Furthermore, as the southernmost sampled it therefore receives the lowest mean annual precipitation values. The uppermost soil layer in this region is Kalahari sand, which is not conducive to large-scale agriculture. Sankuyo is located adjacent to Moremi National Park from which it extracts resources and obtains economic stimulus via jobs with the Department of Wildlife and National Parks and in tourism. The only surveyed region in Namibia is Wuparo conservancy. This conservancy is located in the Caprivi Strip of Namibia close to the Botswana boarder ( Figure 1 ). Wuparo is composed of multiple villages, closely tied to one another socially and geographically, and therefore for this study the surveys were aggregated. Livelihood strategies in the village are predominantly agricultural. Other livelihood activities involve tourism-related jobs at several camps and lodges in the area and crafting. Wuparo is located along the Kwando River and receives approximately the same amount of precipitation as the CECT villages. Of the villages surveyed Wuparo, Mabele, and Satau, receive the most precipitation. The villages sampled provide for comparative research given that the villages sampled were in floodplain and dry lands, across political boundaries, comprised of differing livelihood strategies, and situated varying distances to national parks. Tables 1 and 2 document the basic descriptive statistics of the surveyed villages. 
Methods: Risk Mapping
Risk-mapping requires data on the type and relative importance of threats perceived by individuals in villages. This information was obtained via semi-structured open-ended questionnaires, administered during the dry season of 2010. The open-ended questionnaire was used for risk identification so as not to influence the cited risks, the number of risks mentioned, or the order in which they were mentioned. Locals were employed as research assistants to help administer the survey within each village. During the training process research assistants were asked to define the extent of the village. From this information the village was divided into quadrants and research assistants were assigned to areas. While the selection of households within the quadrants was based on convenience sampling, by dividing the village it was ensured that the entire area was sampled. The aim was to interview at least half of the households in each village, meaning that at least 30 household surveys were conducted in all villages. More surveys were administered in larger villages, yielding a final sample size of 330 households ( Table 1) .
The questionnaire was typically administered in one hour and included information on family structure, economic inputs and outputs, livelihood activities, assets, threats, and a wide variety of other socioeconomic metrics. In the final stages of the questionnaire, respondents were asked to identify the biggest threats to their livelihood and to compare their current household prosperity to what it was five years ago. These questions lay the groundwork for our risk perception analysis. Respondents were not restricted in the number of risks that they could list, but few listed more than three. Forty-six people did not list any risks; no response to the question could indicate that the household does not perceive any risk to their livelihood or it could indicate that the survey was not completed. Furthermore, a few households (n = 6) said that they did not perceive any risks to their livelihood. These were included in the analysis and coded as a separate category.
Data preparation required that each risk given by the respondents be coded into major reoccurring themes. In the first step of coding, responses were grouped into 25 categories of risk (Table 3) . These categories were previously defined in the literature and are based on the capital asset for which livelihoods depend, including natural, physical, financial, human, and social [7, 27] . Natural capital represents the natural resource stocks and services that are useful for livelihoods. Natural capital is closely linked to vulnerability in that many shocks that impact livelihoods are usually natural processes (floods, drought, etc.). Physical capital is defined as necessary basic services and infrastructure. Financial capital refers to the economic resources needed/used to meet livelihood objectives. Examples include employment status, market variables, and economic status/gain associated with land and animals ( Table 3 ). The last two types of capital, human and social, can appear to be very similar. Human capital represents the skills, health, and ability of people to pursue varying livelihood strategies. Whereas social capital is related to the human networks established in the pursuit of livelihood objects. These include variables of support, aide, safety, and social connections. By breaking up the 25 categories of risk, we allow for analysis using livelihood assets for the entire sample size and at the village level. This allows us to determine overall which livelihood asset is perceived to be at greatest risk. Once the data were categorized, indices of perception were calculated. Table 3 . Livelihood assets by which survey responses were classified. Such categories are divided according to the capital assets on which livelihoods most closely depend: physical, natural financial, human, or social [7, 27] . In this study we approach the risk perception analysis with the Smith et al. [26] framework in mind. However this is a modified approach to risk perception analysis given the limitation of available data. In Smith et al. [26] , the authors classified and ordered perceived sources of livelihood risk for villagers residing in arid and semi-arid lands of southern Ethiopia and northern Kenya. This methodology has now been utilized in numerous studies across Africa, Asia, and South America. For example, Baird et al. [1] analyzed the effect of national parks of people's perception of livelihood risk. Additionally, Tschakert [47] used a similar approach but expanded/altered the technique to further analyze perceptions of climatic stresses in the Sahel. The definition of risk used here relates to that of Quinn et al. [27] /others who have utilized this risk perception methodology and while used in a different region than others it provides for a nice comparison of results. Furthermore following Tschakert [47] , the terms concern, problem, stress, shock, and threat are used here interchangeably as they all reflect threats to people and the things they value [21] .
For each risk mentioned by a respondent, an incidence index (I), severity index (S), and risk index (R) were calculated [47] . The incidence index gives a simple measure of the proportion of respondents identifying a particular response. I is calculated as the proportion of respondents that identified the same risk divided by that population. The population will vary according to the group being studied. For example, for all villages the population was 330 but when calculated by each village the population is the number of households surveyed. The severity index (S) measures the severity of risk for each threat on a continuous scale from 0 (least severe) to 1 (most severe) [26, 47] . This index is calculated for each risk identified by the respondents:
where r is the rank of the response based on the order in which it was mentioned by the respondent, and n is the total number of threats identified by the respondent. While the survey did not explicitly ask those surveyed to rank the perceived risks in a numbered listing, like the Smith et al. [26] study, the wording of the question and the instructed approach to asking the question allows one to infer rank. Furthermore, while the inferred rank could in some cases lead to errors in the analysis there are several points that justify the assumption of rank in this study. First, almost all surveyed households gave three or less responses to the perceptions of risk survey question. Secondly, this paper represents a single moment in time in which the households were surveyed. Meaning that the most important issues are first to mind at that time. Even though in all risk perception studies we ask for the overall biggest perceived threat to one's livelihood there is little doubt that the most important issues at the survey time are the first to come to mind. In order to have a broader understanding of overall perceptions of livelihood threats, studies of this nature would need to be done based on repeat sampling. Lastly, the continuity of answers across our study, especially in regard to the top three perceived threats for all villages, gives power to the risk perception indices.
The risk index incorporates the values of the S and I indices and is calculated as [47] :
R will increase with higher values of both I and S, as high I values indicate a high incidence of a particular response and high S values indicate a more severe risk. The methodology of the risk perception analysis does not mean that the risk index values per village are a simple composite of the individual subset. The differing number of households in the population and the differing rank of a risk accounts for the differing values when compared to village-level index values. Next, overall S, I, and R-values are calculated by averaging the individual S values for a subset of the entire population. For example, if we were interested in comparing perceptions of risk between male and female-led households, the S values would be averaged for each risk for each subset (male-led and female-led households) of the population. For this study, the survey data was subset in multiple ways in order to study the entire study area and the various subpopulations of interest. In addition to analyzing risk perception for the entire sample and each village, the data were also subset according to male versus female-led households, and households with members engaged in wage labor versus those reliant on subsistence activities. Households with at least one core member in a wage labor position were categorized into one class, while all other households were categorized into another class, including households reliant on cultivation, pastoralism, and government subsidies. Lastly, to determine which overall livelihood asset (physical, natural, social, human, financial) was deemed at greatest risk (highest R-value), the responses were aggregated to the asset-level. Meaning that all responses that could adversely affect each livelihood asset were grouped together and the S, I, and R indices were calculated. For example all responses related to water/weather, animals, resources, land, pests, and livestock were grouped together as such responses could affect natural assets (Table 3) . By grouping these responses together the risk perception indices can be recalculated and we can determine which overall livelihood asset was perceived at greatest risk.
Results and Discussion
Results
The S-scores were graphed in relation to the I-score for each of the risk response categories ( Table 4 ). The risk map illustrated in Figure 2 depicts the most commonly and severely perceived risks to livelihoods across all villages. Obviously, if we were to develop risk maps for each village they would look quite different, as S and I values varied among the differing study subsets (villages, gender, and employment). The lower left portion of the risk map shows responses with the lowest incidence and lowest severity. Given the variety of answers from our surveys, many of the categories lie in this region. Responses related to weather/water and employment had the highest incidence. Just under half of all respondents identified some sort of water or weather-related issue as a risk to livelihoods (42%). This includes responses such as drought, flood, and temporal change in rainy season. Ranking highest on the severity index were responses related to water infrastructure (Figure 2) . The water infrastructure issue is considered highly severe but it was an uncommon answer among respondents. While not commonly mentioned by respondents on surveys, focus groups in individual villages commonly highlighted the lack standpipes as a major issue. For example, the focus group discussion in Beetsha was dominated by the issue of the lack of nearby standpipes in the village. Other responses with a high severity and rather high incidence index value include those related to hunger and animals. Risk mapping illustrates that responses related to water/weather, employment, and health as the most commonly identified risks to ones livelihood ( Figure 2 ). Furthermore, these issues have relatively high severity index values ranging from 0.55 to 0.65.
While Figure 2 illustrates the overarching patterns across all of the villages, Figure 3 and Table 4 look at the risk index values by villages. In the first village, Beetsha, the top risk index scores were related to health (0.208), employment (0.158), and weather/water (0.129). These top perceived risks to livelihood are understandable given the environmental and socioeconomic conditions in the area. This village is many kilometers away from a hospital/clinic and from viable employment sources. Furthermore, the village is located within the Okavango Delta. The seasonal fluctuation of water levels could explain the numerous responses related to weather/water. Collectively, responses associated with human and financial assets had the highest R-value and therefore these assets were considered at greatest risk (Figure 3) . Located adjacent to Beetsha is the village of Eretsha. Although these villages are only 10 km from one another, there was a differing risk index pattern. Overall, the respondents in Eretsha perceived threats related to natural and financial assets as the greatest source of risk (Figure 3 ). At the individual response level weather/water (0.527) and hunger (0.252) produced the highest R-values. This village, like the others in OCT, is heavily reliant on subsistence agriculture and pastoral activities. With livelihood approaches so reliant on natural resources any climate variability, especially climate extremes, would impact the total socio-economic structure of the village. In the last OCT village, Seronga, survey respondents perceived threats related to financial assets as the biggest source of livelihood risk, especially employment (0.537) and finances (0.105). Within the Okavango Conservation Trust (OCT), the responses associated with the greatest risk were related to natural and financial assets. Given the trust's heavy reliance on agriculture and pastoralism and its distance from major sources of employment, these responses are understandable; additionally, the lack of economic development and difficulty in cultivation due to climate variability is observed for this area and seen in the number of months reported hungry statistic ( Table 2 ). The villages of OCT report a higher number of months hungry per year when compared to all other villagers surveyed. Seronga reports the highest hunger levels, averaging 5.4 months per year. Figure 2 . Risk map plotting severity index versus the incidence index for all villages surveyed. Both indices, I and R, range from 0 (lowest incidence or least severe) to 1 (highest incidence or most severe).
The two villages surveyed in CECT, Mabele and Satau, exhibit different risk index patterns. Though these two villages are within the same governing trust, they have different environmental conditions and are in differing proximities to the large and tourism-heavy Chobe National Park. CECT itself, which is composed of five main villages, is surrounded by protected areas on three sides, by Chobe National Park and the Chobe Forest Reserve. The majority of CECT is located in the floodplain of the Chobe River. In Satau, which is furthest from the park (distance to park gate = 55 km, Euclidean distance = 40 km) but within the floodplain, problems related to natural assets, especially flooding, presented severe risk to livelihoods. Overall, the weather/water category had an R-value of 0.714, the highest for any village or category. Additionally, employment (0.241) and hunger (0.149) produced high R-values. Responses of hunger go hand in hand with the flooding issues in the region as crops are destroyed or an area is not able to be cultivated. The other surveyed village in the CECT, Mabele, is located adjacent to Chobe National Park (Figure 1 ) and in relatively close proximity (50 km) to the town of Kasane (Figure 1 ). Responses indicate that health was a concern (0.278), followed closely by employment with an R value of 0.26. Interestingly, respondents perceived animals (0.163) as greater threats than water/weather (0.089). Chobe National park is known for its high populations of elephants and given its proximity to the village crop raiding by wild animals is high.
Sankuyo is set in a very different physical environment than any other sampled villages, as it is not adjacent to a major waterway. Overall, response related to human and natural assets were most commonly observed and produced the highest overall R-values (Figure 3 ). This can be further broken down to show that animals (0.181) and weather/water (0.118) were the main natural concerns for the village. The main weather-related response was associated with drought due to Sankuyo's reliance on seasonal precipitation and location approximately 38 km away from the Okavango Delta. Though the village is not located within the Okavango Delta with its rich fertile soils, main forms of subsistence involve agriculture and natural resource utilization. Agricultural production consistently suffers every year due to raiding by elephants and other wild animals. Great measures have been taken to try and minimize this problem, but generally with little success. Variability in precipitation and animal raiding leads to reduced agricultural production and subsequent hunger. For Sankuyo the response with the highest R-value was, in fact, hunger (0.211), followed by health (0.186).
Of the seven villages sampled, only one lies in Namibia, making comparisons of country-level differences in risk perception difficult. However, in general the responses with the highest R-values and therefore posing the greatest risk to livelihoods in Botswana were the same in Namibia, with problems related to natural and financial assets perceived as the greatest source of risk to livelihoods (Figure 3) . The four highest R-values for Wuparo came from the employment, weather/water, animals, and hunger categories (Table 4) . Employment was highest, with an R-value of 0.423. Given the village's location and environmental condition, it is understandable that lack of employment is perceived as the biggest threat to livelihoods. There are several lodges in the area but all are rather small, and the other main employment hub is located many kilometers from Wuparo in the town of Katima Mullilo. Thus, many of the residents of Wuparo look to agricultural activities for subsistence. The next concern to livelihoods was related to water/weather issues, especially flooding and drought. The village's proximity to the riverfront and its heavy reliance on agriculture explain this relatively high R-value. Lastly, animal problems (such as crop raiding) were commonly listed as threats, both domestic and wild. Wuparo is situated near Mudumu National Park, which accounts for wildlife problems in the village. (Table 5) . As defined by Hahn et al. [48] , the female-led households were houses where the primary adult is female. If a male head of household is away from the home for more than six months per year, the female is counted as the head of household [48] . Based on this definition, 32% of households included in the analysis were female-led and 68% were male-led. Overall for female-led households, the highest R-values were associated with water/weather, employment, health, and hunger. As shown in Table 5 , women perceived employment as a greater concern than men. In terms of male-led households, water/weather, animals, employment, health, and hunger had the highest R-values. Interestingly, men perceive health issues as more of a concern than do women. It is also interesting to note that men see human-wildlife interactions as a greater threat than women do. Breaking down the results by employment status shows some differentiation in perceived risks to livelihoods (Table 6) . Households with at least one core member in a wage labor position were categorized into one class, while all other households were categorized into another class called subsistence, including households reliant on cultivation, pastoralism, and government subsidies. Under this definition of wage labor versus subsistence, results indicate that 56% of all households surveyed had at least one core member in wage labor and 44% fell into the subsistence category. As expected, the R-value for the employment category was higher for households in the subsistence subset as compared to those in wage labor. Additionally, for the subsistence subset threats associated with natural assets, like water/weather and animals, were the greatest sources of risk. In terms of human livelihood assets, those in wage labor worried more about health than the subsistence subset. Furthermore, the subsistence subset perceived hunger as a greater threat than those in wage labor, but surprisingly the R-values only varied slightly between the two subsets. For the final question of our survey, respondents were asked about their current prosperity level compared with that of five years ago. Overall, 40.6 percent of those surveyed said they were less prosperous than they were five years ago (Table 7) , whereas 53.3% reported they were either more prosperous or the same as five years ago. Mabele and Satau were the only villages where the vast majority (great than 60%) of the respondents said they are more prosperous or at the same prosperity level now than they were five years ago. As previously mentioned these villages are located in a region with growing tourism through the adjacent national park. These villages are both undergoing development, especially in regard to Mabele, in the last two years the road network has improved in the area, as has village infrastructure. In the OCT region of Botswana a large portion of the respondents noted that they are less prosperous now. There are a great number of potential causes for this perceived decrease in prosperity. Firstly, there is a lack of employment in the region making residents in the area heavily reliant on subsistence agriculture. Additionally, the region is a great distance from markets and at the time of the survey had little physical infrastructure (roads, electricity, standpipes, cell phone towers). Overall, many government reports such as Arntzen [49] have noted an increase in prosperity across portions of Botswana as livelihood assets improve. While prosperity and perceptions are very different things, they both show the impacts of shocks/stresses and the problems resulting from the lack essential livelihood assets. For example, the majority of villagers in communities such as Eretsha have said they are less prosperous and that the biggest perceived risks come from weather and water problems and lack of employment. This lack of prosperity can therefore be attributed to the inability of community members to find wage labor and the destruction of yearly crops or households via drought or flooding. One village that is a bit of an outlier is Satau, where the majority of respondents said they were more prosperous or the same as five years ago. The risk perception analysis for this village showed that problems related to natural and financial assets are of biggest concern. However, compared to five years ago the trust in which this community lies has grown and prospered to a degree, and this fact maybe skewing the survey responses. 
Discussion
Risk perception is conceptualized as the perceived likelihood of negative consequences to oneself, household, or community from a specific threat or risk. When responses were reclassified to the asset level results show that overall environmental, human, and financial assets were perceived as the most likely to be negatively impacted and therefore affect livelihoods. Basic trends in these variables are described above, but there have been impactful environmental and social changes in the region. In a natural resource driven landscape such as this, key environmental variables include precipitation and vegetation, both of which are undergoing alterations in pattern. There is a long history of climatic shifts in the region, the most notable of which occurred in the late 1970s. This period correlates to noted shifts in global climate and a decrease in precipitation in southern Africa; this major climate shift has been highly correlated with a strong El Nino Southern Oscillation (ENSO) phase [50] [51] [52] [53] . Additionally the IPCC projects further climate shifts across southern Africa. Long-term general circulation model (GCM) projections indicate a likely 4%-9% decrease in precipitation in the next 20-25 years for sub-Saharan countries. In terms of temperature, the IPCC project a minimum increase of 1.9 °C [54] . Accordingly, the United Nations Framework Convention on Climate Change (UNFCCC) considers many of the countries of southern Africa, including Botswana and Namibia, to be highly vulnerable to climate change. Further environmental changes have been noted in the vegetation structure for the region, where an increased percentage of shrub cover has been noted in the literature and linked to bush/shrub encroachment [55] [56] [57] . Environmental risk across the studied villages is primarily a function of climate change or variability, alterations to vegetation composition, and wildlife disturbance. The adaptive capacity for dealing with such environmental risks is dependent on the extent to which the risk is understood, the ability of residents to respond, and the perception of how such a threat will impact their household or livelihood [47, 58] . Within the studied villages there appears to be a great understanding of the impacts and results from climate variability or change, as indicted by the high incidence index scores for such natural risks.
Many social programs have been put in place across both Botswana and Namibia in order to help bolster financial stability and livelihoods. These governmental programs distribute goods and money with the goal of lowering household vulnerability. For example, within Botswana the government drought relief program looks to lower environmental risk by providing money, jobs, or food to those whose livelihoods are most affected by drought [59, 60] . This program has brought about two major sources of social change: transformation in adaptation and coping measures of the drought-affected, and changes in risk perception at both the household and community scale in rural landscapes. Drought relief programs do exists in Namibia with the same objectives of Botswana's program: to ensure household food security, encourage and support farmers, ensure the continuous supply of potable water to communities, and minimize the degradation of natural resources during droughts. With the goal of socioeconomic and livelihood development many other social programs have been put in place within the study region.
Botswana has experienced great economic growth in the last twenty years [61] . However, this success appears to be uneven. In rural developments more than 60% of the residences are still living below the poverty line [61, 62] . A wide range of subsidies and government assistance are distributed within rural villages, though sometimes unevenly, with the goal of assisting orphans, older residents, those affected by climate variability, and people impacted by wild animals. In addition to the drought relief program the government has other programs to minimize environmental risk. Commonly, water development programs are brought into communities in order to provide standpipes and catchment tanks [61] . Additionally, assistance is provided to farmers by way of farming machinery that can be loaned to residents in need. This available farming equipment and seed allocations could have increased both the amount of land cultivated and the total crop yield. As it stands, agricultural production is typically low with many households producing no extra crops to sell [63] . As indicated in Table 4 , households surveyed did not perceive a lack of government support. The aforementioned programs likely play a role in these results. The minor outlier, in terms of perceived risk via lack of social assets, occurs in village of Sankuyo, which on average has the highest number of subsidies per household but still perceived a lack of government support and resulting impacts on livelihoods (Tables 2 and 4 ).
Effects of Livelihood Strategy and Employment
Livelihoods of rural inhabitants are complex and dynamic, including a variety of activities that enhance household income and provide basic assets needed to thrive [64] . The livelihood strategies within the study region include both natural resource based activities (farming, fishing, hunting, and tourism) and non-natural resourced based activities (governmental positions). Arntzen [49] notes that most assets of social, physical, and financial nature have expanded or improved within the Botswana portion of the study area. Livelihood assets related to education, infrastructure, and other social capital seem to be improving or not posing a risk as compared to other risk categories. Such improvements are not only asserted by Arntzen [49] but in this study as well. As seen in Figure 2 , the aforementioned variables are not perceived as great sources of risk. However it is noted in the literature and shown in this work that risks are still hindering the region. Arntzen [49] points out the growing reliance on government support, greater climate variability, limited employment opportunities outside of agriculture and resource use, and the effect of HIV/AIDS as the key trends hindering livelihood development. In this study we conclude that those residing in the villages perceive these same variables as risks to their livelihoods.
The livelihood assets perceived at greatest risk differed between the wage labor and subsistence-based households. The subsistence subset indicates that weather/water and animals are some of the greatest threats to livelihoods. Droughts, floods, and animal raiding result in loss of crops or natural products. For the subsistence households, even with low yields or loss of natural products, they are still reliant on this livelihood approach as there are no real alternatives [61] . Other than agricultural production, the subsistence-based households look to multiple sources of income generation, which includes piecework and government subsidies. Additionally, perceived sources of risk for the subsistence subset understandably came from the employment category. For those subsistence households surveyed, the lack of steady income combined with threats to agricultural production via environmental sources of risk has resulted in food insecurity. Hunger is not only reported as a risk to livelihoods but survey results indicate that households in all villages surveyed exhibited between two and five months of hunger each year.
Effects of Gender
Gender is a socio-economic variable that is commonly used to analyze roles, opportunities, constraints, and responsibilities within households [65] . Within the study area, as in other developing regions, men are traditionally seen as the providers to the household [66] . Such traditional roles lead to men associating livelihood risk with events outside the home, while women perceive greater risk related more to the community and household [66] . Within the surveyed villages this traditional household dynamic, while still the most commonly associated household structure, is changing. The traditional role of women is changing in order to provide for the household and to develop a sustainable livelihood. Women tend to be responsible for the family's small farming plot, which provides the main source of nutrition to the household, but there have also been an increased number of women seeking wage labor outside the household [27, [67] [68] [69] .
Risk via natural sources (i.e., weather/water and animals) consistently had some of the highest incidence and severity index values. Both men and women found this category to pose a great risk to livelihoods, with men perceiving it as a slightly greater risk than women. However, the reasoning for the responses relates back to the differing roles of gender within the villages. Within southern Africa, the vast majority of land rights are secured by men for cultivation, potentially leading to natural assets being perceived at great risk [70] . Therefore, responses from men related to floods, drought, and other sources of climate variability could indicate potential risks to these lands and damage to livelihood activities. Furthermore, the possession of land rights and reliance on subsistence agriculture for a family's livelihood could account for the male subset perceiving animals as a great problem. The utilization of lands by females within the rural villages is changing, as cultivation of land becomes a family activity. Throughout the entire study area, natural resources are used and extracted by males and females for housing materials, crafting, and consumption.
With a shift in the employment base, as more women seek wage labor, it is fitting that employment issues are perceived as concerns to the livelihoods in female headed households. The survey data indicates that common jobs among women in the study area include employment with the trust or conservancy, and tourism-related work such as in a lodge or as a shopkeeper. The distance that wage labor puts between the employed member and the households varies depending on numerous factors including the level of education obtained and the distance to market access from the village. Many households explained during the survey that it is common to work several months at a job far from home, at lodges or safari camps, and then return home for several weeks to a month. This out-migration from the household is becoming more common for women. Traditionally in rural households of Botswana and Namibia the out-migration of men for employment resulted in a relatively high proportion of female led households, this paradigm is shifting [71, 72] .
The gender effects are less evident in the other risk categories. For example, the effects of social change show no gender effects as both male and female-led households produce approximately the same risk index values in the categories of government support, schools, and clinics. The low risk index values indicate that very few households were concerned with a lack of social capital or assets. The reasoning for these low risk index values could relate back to the economic success within much of the study area. As previously mentioned, Botswana has extensive social programs to help both rural and urban inhabitants. While the economic prosperity of this country is skewed toward those residing in urban regions [61] , households in rural areas also receive subsidies. Additionally, physical infrastructure development has occurred across rural and urban areas resulting in more continuous road networks, schools, and clinics.
Research Limitation
While studies on risk perception have the potential for great impact on household, community, and government decision making, it should be noted that this initial study only captures one snapshot in time. Risk studies of this nature give insight into community management and national policy of the region, as there are a great variety of responses at the household levels, which when scaled up can highlight the perceived threats of a village or larger region. For a more sound understanding of village dynamics and the perceived risks to livelihoods, this approach would need to utilize a time series of surveys. While our study showed variability in perceptions across space, repeated surveys could discern temporal variation as well. For example, after the initial field season in 2010 a subsequent trip was made to the OCT region of Botswana during 2011. Within this timeframe, electricity and cell phone infrastructure had been put in place. These new technologies would undoubtedly change the responses given on livelihood surveys, but more importantly, improve the livelihoods of those residing in the region. Furthermore, at the time of our initial survey, flooding was occurring in several villages (Eretsha and Beetsha). Given the proximity to the Okavango delta, this is a common occurrence. Adding a temporal aspect to this study would better illustrate the true risks and perceptions of risk in this region of the world.
Conclusions
This paper draws on concepts of sustainable livelihood development, risk, and resilience in the analysis of perceived vulnerability in seven villages across the arid and semi-arid landscapes of southern Africa. Participatory risk mapping demonstrated variables that households viewed as most influential or risky to their livelihoods. Overall, more than 50% of those surveyed said they have equal or greater prosperity than five years ago. This may explain why, when aggregated to the entire sample size of 330 surveys, no single survey response had an R-value greater than 0.50. The heterogeneity of risk perception across surveyed villages results from the differing environmental, social, and political conditions; meaning that at the village level perceptions of risk associated with certain categories maybe greater than at the regional scale. As seen in Table 4 , water/weather risks had an overall risk index value of 0.326, however several villages greatly exceeded this score. In Satau and Eretsha the R-index scores exceeded 0.50, which can be explained at least in OCT by the seasonal flooding that was occurring at the time surveys were conducted. The second response with the highest R-values was associated with financial livelihood assets. Across all villages, employment had an R-value of 0.3, but the villages of Seronga and Wuparo exceeded this index value. Justification for these two village's R-values could relate to their distance to the closest market or employment source.
Based on reviews of the literature and the findings of this analysis, the region sampled is diversifying their livelihood strategies in order to develop more sustainable livelihoods [2, 49] . Such developmental trends look to mitigate the effects of common shocks or stresses in the region, especially climate variability, lack of employment, and financial instability. While livelihood diversification is a strong underpinning in sustainable livelihood development, this area's dependence on natural resources puts households at risk. The perception analysis utilized in this study illustrates the combined influence of environmental condition or change, and socio-economic institutions in determining a household's ability to create more resilient livelihood outcomes.
Though the risk analysis discussed in this present study lacks a temporal aspect, there are still applications of the results in terms of adaptive capacity of communities and management. Through our survey approach, focus groups, and this paper's perception analysis, it is clear that key issues in these communities are related to natural and financial livelihood assets. This research supports the view that strong narratives on climate exist in the local communities [73] . While adaptive measures directly related to climate-related vulnerability are found, they appear less important in shaping rural livelihood strategies than adaption to economic factors [73] . In terms of policy implications, it appears best to exercise caution before implementing adaptation solutions that may not minimize local sources of risk identified in this study. The sensible focus on economic development and adaptive measures to mitigate climate vulnerability appear to be the most successful/ideal approaches to minimize household risk and to develop sustainable livelihood approaches.
